INTRODUCTION {#sec1-1}
============

The local inflammatory response to pathogenic bacteria or bacterial products is characterized by infiltration of the periodontal tissues of inflammatory cells including polymorphonuclear neutrophils, macrophages, lymphocytes, and plasma cells.\[[@ref1]\] The acute-phase response is a nonspecific process, initiated and coordinated by a large number of diverse inflammatory mediators that may occur in the initial host response to injuries, infections, ischemic necrosis or malignancy. C-reactive protein (CRP), fibrinogen, and acute-phase proteins are sensitive markers to evaluate the inflammatory status.\[[@ref2]\]

C-reactive protein was discovered in Tillett and Francis laboratory in 1930 during the course of study of patients with *Streptococcus pneumoniae* infection.\[[@ref3]\] Forty years later, Volanakis and Kaplan identified the specific ligand for CRP in the pneumococcal 'C' polysaccharide as phosphocholine, part of the teichoic acid of the pneumococcal cell wall. Although phosphocholine was the first defined ligand for CRP, a number of other ligands have since been identified. In addition to interacting with various ligands, CRP can activate the classical complement pathway, stimulate phagocytosis, and bind to immunoglobulin receptors (FcγR). In humans, plasma levels of CRP may rise rapidly and markedly, as much as 1000-fold or more, after an acute inflammatory stimulus, largely reflecting increased synthesis by hepatocytes.\[[@ref4]\]

C-reactive protein is a phylogenetically highly conserved plasma protein, with homologs in vertebrates and many invertebrates that participate in the systemic response to inflammation. It is a pattern recognition molecule, binding to specific molecular configurations that are typically exposed during cell death or found on the surfaces of pathogens. Its rapid increase in synthesis within hours after tissue injury or infection suggests that it contributes to host defense and that it is part of the innate immune response.\[[@ref4]\] It is produced in response to many forms of injury other than periodontitis, such as other infections, trauma and hypoxia, and it is regulated by cytokines such as interleukin-6 (IL-6), IL-1β, and tumor necrosis factor-α. CRP levels have an association with smoking, obesity, triglycerides, diabetes, and periodontal disease.\[[@ref5]\] It is proposed that changes in cellular and molecular components of peripheral blood can be found in patients with periodontitis because of inflammatory changes of the periodontal tissues.\[[@ref6]\]

Thus, the aim of this study was to compare and evaluate the systemic levels of CRP in the serum sample of the patients with healthy gingiva, gingivitis and chronic periodontitis and compare them with the periodontal clinical parameters.

MATERIALS AND METHODS {#sec1-2}
=====================

In this study, 60 patients of age group 20-55 years with good systemic health diagnosed with healthy gingiva, gingivitis, and chronic periodontitis were selected. Diagnosis was made on the basis of measurement of gingival index (GI), plaque index (PI), gingival bleeding index (GBI), probing depth (PD) (in mm), clinical attachment level (CAL) (in mm), and high-sensitive-(hs)-CRP level in serum sample using particle-enhanced turbidimetric immuno-assay (PETIA) in patients visiting regular outpatient department of our institution. Patients so selected were equally divided into three groups:

Group A: Patients with healthy gingiva with no change in color, no signs of redness, edema, and no bleeding on probingGroup B: Patients with generalized gingivitis with moderate redness, edema, and presence of bleeding on probingGroup C: Patients with chronic generalized periodontitis with marked redness, edema and tendency of spontaneous bleeding on probing, at least 8 teeth with PD ≥ 5 mm, at least 8 teeth with CAL ≥ 5 mm and presence of alveolar bone loss (ABL) radiographically.

In this study, both males and females were included having a minimum of 20 teeth and with good systemic health. However, patients having any systemic diseases or with history of any periodontal surgery in past 6 months, pregnant and lactating females, smokers, any antibiotic or anti-inflammatory medication in past 6 months, any history of trauma and recent tooth extractions or any other infections and un-cooperative patients were excluded from the study. All the patients were informed about the purpose of the study prior to participation. A consent form, duly signed by each patient was obtained.

A total of 10 ml of peripheral blood was collected from the patients by venipuncture in the antecubetal fossa using tubes with ethylenediaminetetraacetic acid and was immediately sent for centrifugation at 2000 rpm for 5 min. Serum was separated carefully from the centrifuged sample and was then stored in freezer until analysis. It is preferable to test samples within 2-3 days or the serum sample can be stored best at --20°C if prolonged storage is desired.

Serum concentrations of CRP were quantified using a commercially available turbidimetric immuno-assay (Transasia Bio-Medicals Ltd., Erba Diagnostics, Mannheim, Germany) for hs determination of CRP. Diagnostic reagent kit is used for the *in vitro* detection of CRP in human serum by quantitative test.

Statistical analysis {#sec2-1}
--------------------

All the values were expressed in the form of mean, standard deviation, and standard error of mean. The parameters were compared between groups using one-way analysis of variance. Unpaired *t*-test was used for intragroup comparison at same time that is, baseline. Karl-Pearson\'s correlation coefficient test was used to measure the correlation of two indices with each other in each group. The analysis was performed by the data analysis software through Microsoft excel 2003 and Statistical software (Statistical Package for Social Sciences or SPSS version 16 SPSS Inc., Chicago, IL, USA). The *P* \< 0.05 indicated significant difference between the groups at 5% level of significance.

RESULTS {#sec1-3}
=======

The mean values of GI, PI, GBI, PD, CAL, and hs-CRP levels of all the three groups have been shown in the [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}. There was a statistical difference between Group A and B, Group B and C, and Group A and C scores at 5% level of significance for all the parameters. The variation in hs-CRP values was correlated with variation changes in the different periodontal parameters, which were determined using Karl-Pearson\'s coefficient correlation test. The correlation was observed among all the clinical parameters in Group A, B, and C, respectively.

###### 

Mean values of GI, PI, GBI, PD, CAL and hs-CRP level of Group A, B and C
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![Comparison between the mean high-sensitive-C-reactive protein (in mg/l) for Group A, Group B and Group C](JISP-18-739-g002){#F1}

Gingival index and hs-CRP were found to have a weak negative correlation coefficient "*r*" of −0.304 and −0.064 in Group A and B, respectively \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. While in Group C, a strongly positive and significant correlation coefficient "*r*" of 0.364 was found \[[Figure 4](#F4){ref-type="fig"}\]. PI and hs-CRP were found to have a weak negative correlation coefficient "*r*" of −0.152 and −0.281 in Group A and B, respectively. Furthermore, a strong negative significant correlation coefficient "*r*" of −0.356 was found for Group C. However, GBI and hs-CRP were found to have a weak negative correlation coefficient "*r*" of −0.292 and −0.012 in Group A and B, respectively and a weak positive correlation coefficient "*r*" of 0.191 was found for Group C. In addition to this, a weak negative correlation coefficient "*r*" of − 0.204 for Group A, a weak positive correlation coefficient "*r*" of 0.213 and 0.002 in Group B and C, respectively was observed between PD and hs-CRP. Unlike all the other parameters, there was a weak negative correlation coefficient "*r*" of − 0.047, −0.076 and − 0.004 found between CAL and hs-CRP for Group A, B, and C, respectively \[[Table 2](#T2){ref-type="table"}\].
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###### 

Karl-pearson\'s correlation coefficient among the hs-CRP level with different parameters in Group A, B and C
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DISCUSSION {#sec1-4}
==========

It has been shown that inflammation plays a role in the pathogenesis of cardiovascular diseases (CVD).\[[@ref7]\] Epidemiological studies have also implicated periodontitis as a risk factor for the development of CVD.\[[@ref8][@ref9]\] CRP represents an emerging and reliable marker of the acute-phase response to infectious burdens and/or inflammation. As a consequence of its kinetics, it best describes the inflammatory status of the individual.\[[@ref10]\] Race/ethnicity has also been found to affect the levels of CRP.\[[@ref11]\]

In a very early study, it was apparent from the results that CRP appears in the serum of patients with some forms of inflammatory oral diseases.\[[@ref12]\] Recent evidence has indicated that patients with severe periodontitis have increased serum levels of CRP, when compared with unaffected control population.\[[@ref5]\] However, they fall short in indicating that periodontitis was the cause for the observed serum CRP levels as CRP levels fluctuate with various confounding factors such as aging, high blood pressure, alcohol use, smoking, low levels of physical activity, chronic fatigue, coffee consumption, elevated triglycerides, insulin-resistance diabetes, taking estrogen, eating a high-protein diet, suffering from sleep disturbances, and depression.\[[@ref13]\]

In this study, we have used the high-sensitivity CRP assay kit to determine the values of CRP as low as possible (i.e. \<1 mg/l). In the past, turbidimetric immuno-assay has been used, but with the detection limit of \>3 mg/l. However, in this study, we have used a PETIA kit with the detection limit of even \<1 mg/l. This technique provides the quantitative immuno-assay and is regarded as the most rapid, sophisticated, accurate and sensitive method of detecting, and measuring CRP. Furthermore, the extended upper assay limit decreases the need for retesting the post-diluted samples.\[[@ref14]\] The added advantage of this technique is that it is less expensive as compared with the ELISA or nephelometry techniques.\[[@ref15]\]

The results of our study were in accordance with the findings of the earlier studies.\[[@ref1][@ref16]\] In another study, a median CRP of 2 mg/l for periodontitis patients, 0 mg/l among controls was estimated.\[[@ref17]\] However, a study has reported the highest CRP values in patients with a generalized form of periodontitis (median 1.45 mg/l); for patients with a more localized form of periodontal disease, the median CRP value was 1.30 mg/l, while healthy controls presented with a median of 0.90 mg/l.\[[@ref9]\]

In this study, GI has shown a positive correlation with the levels of CRP in chronic periodontitis group as compared with the gingivitis group and the healthy controls suggesting that increase in the microbial colonization leads to the increased levels of CRP in serum. Furthermore, GBI has shown a positive correlation with the CRP levels in chronic periodontitis group as compared with the gingivitis group and the healthy controls, which proves that the severity and the extent of the infection causes the rise in the levels of CRP. While PI has shown a negative correlation with the CRP levels in all the three groups. Along with this, CRP levels increased with the increase in the PD and CAL in all the patients of chronic periodontitis group as compared with the healthy controls. This is in accordance with the studies conducted in past where they found a positive correlation between CRP and periodontitis patients with probing pocket depth of ≥4 mm.\[[@ref18][@ref19]\]

In some studies relatively high levels of CRP was observed as compared to our study both in chronic periodontitis and healthy patients. This discrepancy could be caused by investigation of more severe cases of periodontitis in their study.\[[@ref20][@ref21]\]

Alveolar bone loss is not always related to current inflammation in the periodontium; however, it represents the degree of periodontal destruction directly. It was observed that ABL around posterior teeth was associated with elevated level of CRP.\[[@ref22]\] Furthermore, it was found that the hs-CRP level was above 10.0 mg/l in all the patients in which evidence of significant ABL was present indicating periodontitis.\[[@ref23]\] Thus, the level of CRP tends to increase with the periodontal destruction marked by ABL.

Greatest common factor (GCF) can also be used to assess the CRP level,\[[@ref24]\] but failed to show any relation between GCF hs-CRP and the clinical parameters. The possible reasons for this may be that the CRP levels increase in serum within 24-48 h following acute tissue damage and decrease with the resolution of inflammation. Unlike GCF, serum CRP can be measured easily because of its long plasma half-life (12-18 h). Another possibility is that very small amount of GCF is obtained, which might be difficult for its quantitative assessment.

Some confounding factors such as age, gender, presence of systemic diseases, smoking, pregnancy, any antimicrobial treatment, etc., may influence the result of the study. The hidden factors such as genetics and undiagnosed conditions were not taken into cognizance in this study.

The potential effect of smoking has also been illustrated, and it was found that a median CRP concentration of nonsmoking patients with periodontitis was 2 mg/l, compared to a median of 0 mg/l for nonsmoking matched controls and a median CRP of around 2 mg/l regardless of their periodontal status.\[[@ref17]\]

In this study, low levels of CRP were observed in the gingivitis group as compared with the chronic periodontitis group. This observation was in accordance with the previous study, where the levels of CRP were significantly lower in the gingivitis patients as compared with the periodontitis patients.\[[@ref20]\] The hypothetical explanation for this might be that only the long-term chronic effects of periodontitis reflected as ABL and noticeable on radiographs are explanatory to elevated serum hs-CRP values, whereas current clinical evidence of gingivitis and/or an elevated proportion of increased PDs may be a current low-grade expression of inflammation not directly reflected by elevated hs-CRP values.

While further research is needed to elucidate the causal mechanisms that are responsible for this observed association between oral conditions and systemic CRP, there are three main implications to be drawn from the current findings. First, periodontal disease needs to be viewed more broadly in terms of systemic inflammation, either as a consequence of an underlying hyper-inflammatory trait or as a factor contributing to systemic inflammation. Second, there is a complementary need to recognize that "apparently healthy" individuals may nonetheless have extensive oral disease and raised CRP levels. Hence, oral disease assessments and systemic inflammatory response need to be incorporated into the signs and symptoms that define patients' overall health status.

Clinical relevance {#sec2-2}
------------------

Not many studies have been conducted to estimate the level of CRP in gingivitis patients; an attempt was made to assess and compare the levels of hs-CRP with patients of healthy gingiva and chronic periodontitis and correlate it with all the clinical parameters considered. The elevated inflammatory factors may increase inflammatory activity in atherosclerotic lesions and potentially increasing the risk for cardiovascular events. Therefore, it could be concluded that inflammatory condition of the gingiva that is, gingivitis might result in elevated levels of CRP, but this level might increase to a much higher level if accompanied by ABL.

CONCLUSION {#sec1-5}
==========

Through this study, it could be concluded that the level of CRP increases subsequently with the severity of the periodontal disease. However, it failed to prove the rise in the CRP levels with the increase in the severity of the gingival disease that is, gingivitis. Hence, patients with the periodontal infection have an elevated level of CRP and are at a greater risk of future CHD.
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